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Abstract

Background
Use of sugammadex is associated with fewer postoperative pulmonary complications. This study
investigated the relationship between sugammadex and postoperative pulmonary complications (PPC) in
specific patients with respiratory dysfunction.

Methods
The authors reviewed the electronic medical and anesthesia records of patients with respiratory
dysfunction who had laparoscopic gastric or intestinal surgery at a single center between May 01, 2018,
and December 31, 2019. The patients were divided into the sugammadex group and the nonsugammadex group, based on whether or not they received sugammadex. Binary logistic regression
analyses were used to characterize the differences in incidence of PPC.

Results
A total of 112 patients were included, of which 46 patients (41.07%) received sugammadex. In the logistic
regression analysis, the incidences of PPC were fewer in the sugammadex group. Postoperative fever
[Odds Ratio (OR) 0.330; 95% Confidence Interval (CI) 0.137–0.793, p = 0.0213], postoperative ICU
admission (OR 0.204; 95% CI 0.065 to 0.644, p = 0.007), cough (OR 0.143; 95% CI 0.061 to 0.333, p <
0.001), pleural effusion (all) (OR: 0.280; 95% CI 0.104 to 0.759, p = 0.012), pleural effusion (massive) (OR:
0.142; 95% CI 0.031 to 0.653, p = 0.012), and difficulty in breathing (OR: 0.111; 95% CI 0.014 to 0.849, p =
0.039) showed significant differences between the two groups.

Conclusions
Sugammadex-mediated reversal of neuromuscular blockade can reduce the PPC in patients with
respiratory dysfunction.

Background
Respiratory function is impaired during general anesthesia [1]. Respiratory complications are associated
with longer hospitalization and increased financial cost [2]. Numerous studies have explored strategies
for effectively protecting respiratory function [3–4]. The use of neuromuscular blockade (NMB) drugs is
related to adverse respiratory events after anesthesia. Patients with a history of pulmonary disease have
increased risk of postoperative pulmonary complications (PPC) [5–6]. Neostigmine, which is a
cholinesterase inhibitor reversal agent, may increase airway resistance and airway secretions. Muscarinic
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antagonists are often used to reduce side effects, but adverse pulmonary effects cannot be prevented in
specific patients, such as asthmatic patients.
Sugammadex is a modified gamma-cyclodextrin, which is used for the reversal of NMB induced by
aminosteroid neuromuscular blocking agents, particularly rocuronium [7–9]. It facilitated the clinical
application of a high-dose muscle relaxant anesthetic technique aimed at maintaining deep NMB
throughout the surgical procedure. Maintaining deep NMB improves surgical working conditions in
selected laparoscopic procedures [10–11]. Sugammadex can rapidly reverse NMB, regardless of the
depth of the block, and is associated with a lower risk of postoperative residual curarization after
extubation [12–14]. A recent study showed that spontaneous recovery of NMB was an independent risk
factor for PPC in intermediate-to-high risk patients undergoing abdominal surgery [15].
This study aimed to evaluate the relationship between sugammadex and PPC in patients with respiratory
dysfunction following laparoscopic gastric or intestinal surgery.

Methods
This retrospective observational study was approved by the department of anesthesiology at Ningbo First
Hospital (Approval number: 2020-R020, Approval date: February 24, 2020, Ethical committee: Ningbo First
Hospital, Zhejiang-Province, China).
1 Study population
All laparoscopic gastric or intestinal surgery patients with respiratory dysfunction operated between May
01, 2018, and December 31, 2019, were included in this retrospective study. The requirement for informed
patient consent was waived because of the retrospective non-interventional study design. The exclusion
criteria were as follows: American Society of Anesthesiologists (ASA) physical status ≥ IV, incomplete
medical documentation, without pulmonary function tests or with no history of pulmonary disease before
operation.
2 Variables and outcome measurements
The following data were extracted from the electronic medical records: age, gender, height, weight, BMI,
ASA physical status, smoking status, pulmonary disease, grade of pulmonary function, functional
disorder of other systems, lung function improvement exercise, length of stay in hospital, length of
hospitalization after operation, hospital cost, PPC such as cough, pneumonia, pleural effusion (all),
pleural effusion (little), pleural effusion (massive), difficulty in breathing, re-intubation, and complications
related to ERAS. The following data were extracted from electronic anesthesia records: infusion volume,
urine output, bleeding volume, operation duration, spontaneous breathing recovery time, awakening time,
exhaustion time, and the rate of postoperative admission to the intensive care unit (ICU).
3 Outcomes
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The primary outcome of this study was PPC between the two groups. The secondary outcome was the
differences in postoperative ICU admission and recovery time between the two groups. All these data
were collected by a team member who was blinded to the study objectives.
4 Statistical analysis
The sample size was based on the available data from all patients who had laparoscopic gastric or
intestinal surgery between May 01, 2018, and December 31, 2019. The study results are presented as the
number (percentage) for categorical variables or the mean ± SD or median [interquartile range] for
continuous variables, as appropriate. Normally distributed data were described as mean ± SD and skewed
data were reported as median values [interquartile range]. The association between sugammadex and
PPC was studied using Pearson’s x2 test. The independent samples t-test or Mann–Whitney U test were
used to compare continuous variables, and the chi-square test to compare categorical variables between
the groups.
Univariate logistic regression models were performed to study the strength of the association between
sugammadex and PPC. Independent variables with p-value < 0.1 in the univariate analysis were
introduced in the model. Subsequently, the effect of these variables in the number of patients in whom
reversal was used or not used was evaluated [as stated, a change of ≥ 10% in the odds ratio (OR) was
considered clinically relevant].
All statistical tests were two-sided and a level of 0.05 was used to indicate statistical significance. Data
analysis was performed with the Statistical Package for the Social Sciences (SPSS) Advanced Statistics
21 (IBM Software Group, Chicago, IL, USA).
The variables used for matching were age, gender, height, weight, BMI, ASA physical status, smoking
status, pulmonary disease, grade of pulmonary function, functional disorder of other systems, lung
function improvement exercise, infusion volume, urine output, bleeding volume, surgical procedure and
duration. Thereafter, linear regression analyses were performed to detect differences in length of hospital
stay between the two groups. Additionally, binary logistic regression analyses were performed to
characterize the differences in incidence of postoperative admission to the ICU, cough, expectoration and
difficulty in expectoration, incidence of fever, overall incidence of postoperative pleural effusion, incidence
of massive pleural effusion after operation, and rate of postoperative dyspnea, between the two groups
after propensity score matching. A rank-sum test was performed on variables that were non-normally
distributed, including infusion volume, urine output, bleeding volume, length of hospital stay, length of
hospitalization after operation, hospital cost, spontaneous breathing recovery time, awakening time, and
exhaustion time.

Results
A total of 977 patients had laparoscopic gastric or intestinal surgery between May 01, 2018, and
December 31, 2019, at the Ningbo First Hospital. Of those patients, 865 were excluded as presented in
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Fig. 1. After exclusion, a total of 112 patients were enrolled and available for analysis (Fig. 1). Patients in
the S group received sugammadex (n = 46), while patients in the N group did not receive injection of
sugammadex (n = 66). Patient characteristics were compared between the sugammadex and nonsugammadex groups before propensity score matching in patients who underwent laparoscopic gastric
cancer surgery (Table 1).
1 Patient characteristics
Table 1 shows the demographic and pre-operative data. There were significant differences in preoperative medications between the sugammadex and non-sugammadex groups. Table 2 shows the intraoperative data. There were significant differences in the anesthesia depth monitoring between the
sugammadex and non-sugammadex groups.
Table 1
Demographic and pre-operative data
Sugammadex
(n = 46)

Nonsugammadex
(n = 66)

All

P

(n = 112)

Age(yr) (mean ± SD)

71.24 ± 7.98

70.68 ± 8.99

70.91 ±
8.55

0.057

Sex(males)(%)

38(82.61)

43(65.15)

81(72.32)

0.054

ASA physical status(ASA ≥ 3)(%)

40(87.70)

50(75.76)

90(80.36)

0.157

Height(cm) (mean ± SD)

166.35 ± 7.00

164.8 ± 7.78

165.19 ±
7.50

0.246

Weight(kg) (mean ± SD)

60.27 ± 11.75

61.01 ± 11.02

60.71 ±
11.28

0.261

BMI

21.75 ± 3.66

22.51 ± 3.47

22.20 ±
3.55

0.267

Smoking (%)

25(54.35)

25(37.88)

50(44.64)

0.122

Moderate and severe pulmonary
dysfunction (%)

27(58.70)

34(51.51)

61(54.46)

0.563

Pre-operative physical exercise (%)

19(41.30)

40(60.60)

59(52.68)

0.055

Pre-operative medications (%)

19(41.30)

43(65.15)

62(55.36)

0.020

Combining other disease (%)

18 (82.61)

57(86.36)

95(84.82)

0.603

The data are presented as mean ± SD or number (percentage).
ASA, americansociety of anesthesiologists; BMI, body mass index .
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Table 2
Intra-operative data
Sugammadex
(n = 46)

Nonsugammadex
(n = 66)

All

P

(n = 112)

Anesthesia depth monitioring (%)

35(76.09)

36(54.55)

71(63.39)

0.028

Temperature monitioring (%)

28(60.87)

37(56.06)

57(50.890)

0.249

Infusion volume(ml) (interquartile
range)

1900(1500 to
2325)

2000(1875 to
2400)

2000(1700 to
2400)

0.104

Transfusion volume(ml)
(interquartile range)

0(0 to 0)

0(0 to 0)

0(0 to 0)

0.503

Bleeding volume(ml) (interquartile
range)

0(0 to 0)

50(50 to 52.5)

50(22.5 to 50)

0.104

Urine output volume(ml)
(interquartile range)

450(300 to
600)

400(275 to
600)

400(300 to
600)

0.227

Operation time(min) (mean ± SD)

218.38 ± 67.21

246.79 ± 8.054

235.27 ± 76.10

0.285

Anesthesia time(min) (mean ± SD)

240.60 ± 66.13

266.77 ± 79.45

256.16 ± 75.13

0.285

The data are presented as mean ± SD, median [interquartile range], or number (percentage).
2 Postoperative recovery
The spontaneous breathing recovery time (3 vs. 35 min, p < 0.001), awakening time (4 vs. 37 min, p <
0.001), and exhaustion time (6 vs. 40 min, p < 0.001) were significantly less in the sugammadex group
than in the non-sugammadex group. In addition, the incidence of postoperative admission to the ICU
(8.70% vs. 31.82%, p = 0.005) and fever (19.57% vs. 42.42%, p = 0.014) were significantly lower in the
sugammadex group than in the non-sugammadex group (Table 3).
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Table 3
Postoperative data and complications
Sugammadex
(n = 46)

Nonsugammadex
(n = 66)

All

P

(n = 112)

Spontaneous breathing recovery time(min)
(interquartile range)

3(2 to 10)

35(20 to 50)

15(2 to
35)

<
0.001

Awaking time(min) (interquartile range)

4(3 to 12)

37(24.5 to
53.5)

17(3 to
420)

<
0.001

Exhaust time(min) (interquartile range)

6(5 to 15)

40(37.5 to
57.5)

20(5 to
42)

<
0.001

Length of stay in hospital(days)
(interquartile range)

22(17 to 29)

23(18 to 32)

23(18 to
29)

0.273

Postoperative hospital stay(days)
(interquartile range)

11(9 to
14.25)

13(9 to 8)

12(9 to
17)

0.143

Hospital cost (Ten thousand yuan)
(interquartile range)

5.21(4.27 to
5.83

5.37(4.22 to
6.51)

5.30(4.26
to 6.19)

0.269

Postoperative ICU admission (%)

4(8.70)

21(31.82)

25(22.32)

0.005

Complication related to ERAS (%)

10(21.74)

26(39.40)

36(32.14)

0.064

Fever (%)

9(19.57)

28(42.42)

37(33.04)

0.014

The data are presented as median [interquartile range], or number (percentage).
ICU, intensive care unit; ERAS, enhanced recovery after surgery.
3 Postoperative pulmonary complications
After surgery, the incidence of cough (26.09% vs. 71.21%, p < 0.001), pleural effusion (all) (13.04% vs.
34.85%, p = 0.015), pleural effusion (massive) (4.35% vs. 24.24%, p = 0.001), and difficulty in breathing
(2.17% vs. 16.67%, p = 0.014) were significantly lower in the sugammadex group than in the nonsugammadex group (Table 4).
Table 5 shows the results of logistic regression analyses for postoperative complications between the
two groups. Compared with the non-sugammadex group, the rate of postoperative fever (OR 0.330, 95%
CI 0.137–0.793, p = 0.013) decreased by 67% in the sugammadex group, and the postoperative ICU
admission rate (OR 0.204, 95% CI 0.065–0.644, p = 0.007) decreased by 97% in the sugammadex group.
In terms of PPC, the incidence of cough (OR 0.143, 95% CI 0.061 − 0.033, p < 0.001), pleural effusion (all)
(OR 0.280, 95% CI 0.104–0.759, p = 0.012), pleural effusion (massive) (OR 0.142, 95% CI 0.031–0.653, p
= 0.012) and difficulty in breathing (OR 0.111, 95% CI 0.014–0.653, p = 0.849) decreased by 85.7%, 72%,
85.8%, 88.9%, respectively, in the sugammadex group compared to the non-sugammadex group.
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Table 4
Postoperative pulmonary complications
Sugammadex

Non-sugammadex

All

P

(n = 46)

(n = 66)

(n = 112)

Cough (%)

12(26.09)

47(71.21)

59(52.68)

< 0.001

Pneumonia (%)

12(26.09)

29(43.94)

41(36.61)

0.073

Pleural effusion(all) (%)

6(13.04)

23(34.85)

29(25.89)

0.015

pleural effusion(little) (%)

4(8.70)

7(10.61)

11(9.82)

1.000

pleural effusion(Massive) (%)

2(4.35)

16(24.24)

18(16.07)

0.004

Difficulty breathing (%)

1(2.17)

11(16.67)

12(10.71)

0.014

Re-intubation (%)

0(0)

1(1.52)

1(0.89)

1.000

Atelectasis (%)

0(0)

1(1.52)

1(0.89)

1.000

The data are presented number (percentage).
Table 5
Logistic regression analysis for occurrence of postoperative complications
Variable

OR

95%CI

P

Fever (%)

0.330

0.137 to 0.793

0.013

Postoperative ICU admission

0.204

0.065 to 0.644

0.007

Cough

0.143

0.061 to 0.333

< 0.001

Pleural effusion(all)

0.280

0.104 to 0.759

0.012

pleural effusion(Massive)

0.142

0.031 to 0.653

0.012

Difficulty breathing

0.111

0.014 to 0.849

0.039

Sugammadex (vs non-sugammadex)

Discussion
This was the first study on sugammadex use in patients with respiratory dysfunction diagnosed by
pulmonary function test before surgery, which had more clinical significance than patients diagnosed
with existing or a previous history of pulmonary disease [16]. In this study, sugammadex was associated
with superior recovery of respiratory function after anesthesia compared with neostigmine in patients
with pulmonary dysfunction, including consciousness recovery time, and tracheal extubation time. In this
study, we defined awakening, orientation, and cooperation as consciousness recovery, and defined the
time between study drug administration and consciousness recovery as consciousness recovery time.
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This retrospective study found that sugammdex achieved a shorter consciousness recovery time than
neostigmine in patients with pulmonary dysfunction, which was similar to Jones et al. study [17]. The
mechanism by which sugammadex reduces consciousness recovery time remains unclear, and a
potential explanation is the afferenttation (muscle spindle) theory [18–19]. This theory states that
afferent signals generated in muscle stretch receptors reach arousal centers in the brain to induce arousal
via afferent nerve pathways. This implies that NMB has a sedative effect by decreasing afferent input
and subsequent stimulation of brain arousal centers [19–20]. Tracheal extubation time was defined as
the time between study drug administration to extubation, which was much shorter in the sugammadex
group, as shown in a previous study [21], including in the elderly or pediatric population [22–23], because
of a different mechanism than neostigmine by directly binding and rapidly inactivating steroidal
neuromuscular blockers [24].
Numerous studies have investigated the influence of NMB in respiratory outcome after anesthesia, and
neostigmine was shown to have direct detrimental effects [25]. In contrast, other studies reported that
after administration of NMB, sugammadex was associated with fewer postoperative adverse respiratory
events [26–27]. In this study, administration of sugammadex was associated with fewer PPCs, such as
postoperative cough, pleural effusion (all), massive pleural effusion and breathing failure in patients with
pulmonary dysfunction before operation. However, the relationship between administration of NMB and
postoperative complications remains controversial [28–30]. This study showed that sugammadex
administration lowered the rate of transfer to ICU in patients with pulmonary dysfunction, which was
related to a lower incidence of residual NMB, which was in agreement with the findings of Yea-Ji Lee [31].
In this study, more PPCs were observed in the neostigmine group, which may result in higher rate of ICU
treatment, such as ventilator therapy and the environment of ICU, and basic pulmonary disease. These
factors increased the risks of pneumonia, atelectasis and other pulmonary dysfunction in these specific
patients. These findings were in agreement with the results of a retrospective study, which showed that
RNMB reversal with sugammadex reduced the risk of pulmonary complications in elderly ASA 3/4
patients [32]. Sugammadex usage facilitated rapid reversal of deep NMB, and the early recovery of
spontaneous breathing obviously reduced the rate of unplanned admissions and transfers to the ICU
after operation, especially in these pulmonary dysfunction patients, in whom the main concern was the
recovery of respiratory function. A significantly higher incidence of pulmonary complications such as
cough and pneumonia was observed in the non-sugammadex group. However, there was no evidence of
fewer occurrence of postoperative fever in the non-sugammadex group, which may be due to some
infections related to surgery, such as incision infection, intra-abdominal infection, anastomotic fistula,
etc. These infections may lead to high fever.
In this study, we monitored detailed PPCs, including cough, pneumonia, pleural effusion (all), pleural
effusion (little), pleural effusion (massive), difficulty in breathing, re-intubation, and atelectasis. The
incidence of postoperative cough, pleural effusion (all), massive pleural effusion and breathing failure
were significantly lower in the patients with pulmonary dysfunction before operation who received
sugammadex. In addition, the sugammadex group tended to have a slightly lower rate of fever and total
pleural effusion. However, there was no difference in CT diagnosis of pneumonia, and a small volume of
Page 9/15

pleural effusion was observed. In the future, a prospective study is needed to investigate the effects of
sugammadex on patients with different levels of pulmonary dysfunction before operation, which will
bring deeper guiding significance to clinical work in the future.
Our study also has some limitations: Firstly, previous studies have shown that PPCs are associated with
higher hospital costs. This study found that administration of sugammadex was associated with fewer
respiratory system complications, which was in turn closely associated with lower rate of transfer to ICU,
and length of stay in hospital after surgery. Length of stay in hospital, postoperative hospitalization, and
hospital costs showed no significant differences between the groups. One reason for this finding may
have been the small sample size, which is a limitation of this study. The second limitation of this study
was the absence of records on the costs after surgery. In the future, we will design more complete
prospective studies to compare postoperative hospitalization costs. No complication related to
sugammadex was observed in the sugammadex group, while the complications related to ERAS showed
no difference between the two groups, which may be due to the retrospective study design. Another
important reason for these negative results could be the small sample size of specific patients.

Conclusions
In conclusion, we found sugammadex can reduce PPCs and postoperative ICU admission in patients with
pulmonary dysfunction, including postoperative cough, pleural effusion (all), massive pleural effusion
and breathing failure. sugammadex was associated with superior recovery of respiratory function after
anesthesia.
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Figure 1
Flow chart depicting patient selection protocol in this study.

Page 15/15

